Results

Diet
Up to now, there is only a limited number of randomized intervention trials to be found which have investigated the influence of diet on breast cancer prognosis. Two large studies, the Women's Intervention Nutrition Study (WINS) [19] and the Women's Healthy Eating and Living (WHEL) study [20] , addressed the question whether a reduction of fat intake to 15-20% of total energyand for WHEL an additional high intake in vegetables, fruit, and grains -improves the prognosis of early-stage breast cancer survivors [19, 20] . Neither study reported an intervention effect on overall survival (WINS: hazard ratio (HR) 0.89, 95% confidence interval (CI) 0.65-1.21, p = 0.56; WHEL: adjusted HR 0.91, 95% CI 0.72-1.15, p = 0.43). Regarding the primary endpoint disease-free survival, the WHEL study did not achieve statistical significance (adjusted HR 0.96, 95% CI 0.80-1.14, p = 0.63) [20] , whereas for the WIN study a favorable effect of the dietary intervention was observed with marginal significance (HR 0.76, 95% CI 0.60-0.98, p = 0.077 for the stratified log rank test, p = 0.034 for the adjusted Cox model) [19] . A possible explanation for these differing results can be found in the difference in weight development. In contrast to WHEL, WINS showed a modest but statistically significant weight loss in the women of the intervention group (weight difference compared to the control group = 2.7 kg, p = 0.005) [19] . When interpreting the results of both studies, it should be noted that the intervention programs did not consider fat quality, many other dietary factors, or any other potentially relevant lifestyle factors.
Role of Dietary Patterns
The analysis of dietary patterns is an upcoming approach in the studies on the role of diet for breast cancer outcome and investigates the effect of diet in total. In an analysis of participants with breast cancer from the Nurses' Health Study (NHS), both the prudent and Western dietary pattern was unrelated to all-cause or breast cancer mortality [21] . In a subsequent study in 2,729 women with invasive stage 1-3 breast cancer, again from the NHS, no association was found between 4 dietary quality scores and breast cancer-related death [22] .
In another cohort study from the Kaiser Permanente Northern California Cancer Registry including 1,901 women with early breast cancer, neither a prudent nor a Western dietary pattern was associated with risk of breast cancer recurrence or death from breast cancer [23] .
In a more recent analysis of women diagnosed with breast cancer from the NHS, high diet quality scores, based on the Dietary Approaches to Stop Hypertension (DASH) score and the Alternative Healthy Eating Index-2010, were not associated with breast cancer recurrence and mortality [24] . In a prospective follow-up of 2,522 German women with postmenopausal breast cancer, a healthy dietary pattern was inversely associated with overall mortality (HR 0.74, 95% CI 0.47-1.15, p-trend 0.02) and breast cancer recurrence (HR 0.71, 95% CI 0.48-1.06, p-trend 0.02) in stage IIIIa patients only. No associations with breast cancer-specific mortality and recurrence were reported for an unhealthy dietary pattern [25] .
In breast cancer survivors (41 cohort studies), a recently published systematic review and meta-analysis [26] showed an association of decreased overall mortality and adherence to high diet quality indices (high intake of fruit, vegetables, whole grains, legumes, and nuts as well as low intake of red and processed meat) (RR 0.74, 95% CI 0.60-0.90, 3 studies) and adherence to a prudent/healthy dietary pattern (high intake of fruit, vegetables, whole grains, poultry, and low-fat dairy products) (RR 0.76, 95% CI 0.60-0.95, 3 studies). High adherence to a Western/unhealthy dietary pattern (high intake of red and processed meat, refined grains, sweets and desserts, and high-fat dairy products) was associated with an increased risk of overall mortality (RR 1.44, 95% CI 1.17-1.77, 3 studies) [26] . No association was found with single food groups, and no significant results were presented for recurrence or breast cancer-specific mortality [26] . Even though the studies presented as well as the meta-analysis did not find consistent significant effects of dietary patterns and diet quality scores on breast cancer recurrence and breast cancer-specific mortality, it is noteworthy that healthy dietary choices may be important, as women with diagnosed breast cancer are also at risk of death from non-breast cancer-related causes affected by diet. In addition, due to the limited sample sizes and limited observational periods of the current studies, additional cohort as well as intervention studies are needed to investigate the effect of dietary patterns or scores on breast cancer recurrence and mortality.
Mediterranean Diet
A recent systematic review and meta-analysis included 56 observational studies and examined the effect of the Mediterranean Diet (MedD) on all-cause cancer mortality and cancer-specific mortality in cancer survivors [27] . The highest adherence to a MedD score showed a significant negative correlation with total cancer mortality (RR 0.86, 95% CI 0.81-0.91, 15 studies) and allcause mortality in breast cancer patients (RR 0.92, 95% CI 0.87-0.96, 16 studies) [27] . Among cancer survivors, the association between the adherence to the highest MedD category and risk of cancer mortality and recurrence was not significant [27] . Regarding breast cancer, only 1 cohort study investigated the effect of MedD on breast cancer-specific mortality and found no association with the MedD score [22] .
However, it may be interesting in this context that adherence to the MedD was found to be associated with a lower incidence rate of breast cancer (RR 0.94, 95% CI 0.90-0.99, 7 studies) [27] . In addition, the PREDIMED trial examined in a secondary analysis the ef-fect of two types of a MedD on the incidence of breast cancer in 4,152 women (without breast cancer history). The MedD group with extra virgin oil showed a significant reduction of breast cancer incidence (HR 0.32, 95% CI 0.13-0.79), whereas for the MedD group with extra nuts no significant effect was found (HR 0.59, 95% CI 0.26-1.35) [28] . In summary, despite some evidence for a positive effect of a MedD on breast cancer incidence and all-cause mortality, the few observational studies do not show an association between MedD and breast cancer survival. The ongoing DIANA-5 trial may shed more light on this question [29] .
Vegetarian Diet
It was previously reported that high levels of plasma carotenoids as an expression of a diet high in vegetables and fruit might contribute to a reduction of recurrence or of new primary breast cancer events [30] . A recent systematic review and meta-analysis of observational studies found for vegetarian and vegan diets a significant modest reduction of the incidence risk of total cancer (RR 0.92, 95% CI 0.87-0.98) but no significant association with allcause mortality and cancer mortality [31] . In general, data on breast cancer are rather scarce.
Low-Carbohydrate Diet
A prospective study from Japan [32] analyzed the age-adjusted mortality (MBC) from breast cancer (from the Vital Statistics of Japan) as a function of nutrient intake data from the National Nutrition Survey reports. An inverse correlation between the intake of carbohydrates and mortality from breast cancer was found, possibly due to a lower fiber intake associated with a low carbohydrate intake [32] . The Health, Eating, Activity, and Lifestyle (HEAL) study -including 688 pre-and postmenopausal breast cancer survivors (stage 0-IIIA) -prospectively examined several dietary factors in relation to cancer prognosis. No significant associations were found for carbohydrate intake, glycemic load or glycemic index, and overall mortality as well as breast cancer-specific mortality [33] . Although 'low-carb' und 'ketogenic' diets are popular as well as increasingly promoted and offered to breast cancer survivors, we found no evidence supporting this type of diet, and the Japanese study reported even a negative correlation between carbohydrate intake and breast cancer mortality.
Alcohol
Observational studies have investigated the relationship between alcohol intake and prognosis in women with breast cancer [34] [35] [36] [37] . A recently published systematic review and meta-analysis, including 7 studies for breast cancer, demonstrated that alcohol intake was associated with an increased risk of breast cancer recurrence (RR 1.21, 95% CI 1.06-1.39). However, an association with overall mortality (including 21 cohort studies with pre-and postdiagnosis alcohol exposure) was not found [26] . Altogether, due to the well-known adverse effects of alcohol on general health as well as its likely contribution to breast cancer development in both preand postmenopausal women [38] , adherence to national dietary guidelines for alcohol intake seems to be appropriate also for breast cancer survivors [39] . The German Nutrition Society (DGE) states that alcohol consumption is not recommendable per se but that an alcohol intake of up to 10 g/day in healthy women and up to 20 g/ day in healthy men is currently considered to be tolerable [40] .
Soy
A recent review examined the association between soy intake and breast cancer and concluded that the available data from human studies -concerning risk and prognosis -are too inconsistent for a clear statement [41] . There is limited evidence for a negative correlation of soy/soy products with all-cause mortality in breast cancer patients [18] . In total, there is no general recommendation of a soy-rich nutrition for breast cancer survivors, but occasional intake seems to be acceptable. Supplement intake is clearly not recommended [41] .
Vitamin D
A recent randomized clinical trial examined the effect of combined supplementation with vitamin D and calcium on cancer incidence in 2,303 postmenopausal women and found no significant risk reduction for all cancer types [42] . A comprehensive metaanalysis of the non-skeletal effects of vitamin D supplementation showed a modest reduction of all cancer mortality (RR 0.88, 95% CI 0.78-0.98) [43] . In addition, higher serum 25-hydroxyvitamin D levels were found to be associated with lower breast cancer mortality (pooled RR 0.58, 95% CI 0.40-0.85; highest vs. lowest quintile: HR 0.56, 95% CI 0.40-0.70) [44] . However, there is no data available on the effect of vitamin D supplementation on breast cancer survival. Various kinds of breast cancer therapy can increase the risk of bone loss; therefore, in women with breast cancer at high risk of fractures, vitamin D supplementation can be considered as a useful preventive measure, particularly in those patients with low 25-hydroxyvitamin D levels.
Alternative and complementary medicine, including dietary supplements, is widely used among breast cancer patients [45] [46] [47] . People assume that they can reduce toxic side effects of cancer treatment, prevent cancer recurrence, and improve their overall health [48, 49] . However, a comprehensive literature review reported mixed results in terms of multivitamin use and breast cancer outcome. Both beneficial and adverse effects on overall and breast-cancer mortality as well as recurrence were observed [11] . The evidence-based S3 guideline 'Clinical Nutrition in Oncology, the German Society for Nutritional Medicine (DGEM)' does not recommend the use of dietary supplements to prevent cancer recurrence in general [50] . The WCRF advises cancer patients to meet nutrient requirements through adequate nutrition without taking supplements [39] . The intake of dietary supplements, especially antioxidants, during radio-and chemotherapy was observed to have undesirable effects in terms of compromising treatment efficacy and protecting tumor cells [51] [52] [53] . Based on these observations and the inconsistent data, the DGEM advises cancer patients against the use of supplements (high-dose antioxidants, glutamine, omega-3 fatty acid, fish oil) during chemotherapy treatment [50] . plements was found to be associated with the development of specific cancer types [54] [55] [56] and can also lead to intoxications [57] . In summary, the use of dietary supplements among cancer patients without confirmed nutritional deficiencies is currently not justified. If their administration is necessary for other medical reasons, it should be regularly monitored by the treating physician.
Dietary Recommendations for Women with Breast Cancer
A report published by the WCRF in 2014 systematically analyzed the global scientific data on lifestyle factors like diet, physical activity, and body weight in breast cancer survivors [18] . Regarding diet and breast cancer survival, the expert panel concluded that the evidence was: -limited-suggestive that consumption of foods containing fiber, before and after diagnosis, may decrease all-cause mortality risk; -limited-suggestive that intake of foods containing soy, after diagnosis, decreased all-cause mortality risk; -limited-suggestive that a diet high in fat and saturated fat, before diagnosis, increased the risk for all-cause mortality following a breast cancer diagnosis. Although the panel noted that evidence on survivorship was too limited to make general diet recommendations for breast cancer patients [18] , the WCRF suggested that all cancer survivors should follow the general Cancer Prevention Recommendations (table 1) [39, 58] .
Discussion and Conclusion
The available data regarding the association between diet or specific dietary components and breast cancer prognosis are limited and often inconsistent. Nevertheless, current data suggest that a healthy diet characterized by a high intake of fruit, vegetables, whole grains, and poultry as well as low-fat dietary products may have a positive effect on breast cancer overall survival, whereas an unhealthy/Western diet including a high intake of red/processed meat, refined grains, sweets/desserts, and high-fat dairy products may result in the opposite. This trend has already been observed earlier and seems to have remained constant during recent years [59] .
In terms of breast cancer survival, there is no evidence for any benefit from other special diets like low-carbohydrate, ketogenic or vegetarian diets, despite increasingly promoted in clinical care. A positive effect of the MedD was found for all-cause mortality in breast cancer patients but not for recurrence. A positive effect of the intake of vitamin D on survival from breast cancer is not formally proven by the available data but may be plausible based on studies on breast cancer incidence and total cancer mortality. There is also insufficient evidence for recommendation of a soybased nutrition. Occasional consumption seems to be acceptable, though. For alcohol consumption the results were inconsistent; however, following the recommendations of the WCRF and the national guidelines seems to be reasonable.
Among all lifestyle factors and beyond physical activity the strongest evidence of an impact on breast cancer prognosis was found for obesity and overweight. On average, obesity increases the risk of mortality (all-cause mortality and breast cancer-specific mortality) by approximately 30% [6] . Based on the fact that women often gain weight after breast cancer diagnosis, which also increases the mortality risk [60, 61] , not only dietary habits but also body weight control should gain greater attention.
The current knowledge is mainly based on observational studies. Against this background, randomized controlled lifestyle intervention trials are urgently needed to substantiate the observed associations. The two large intervention trials conducted in women with breast cancer so far produced discrepant results and did not provide clear evidence that dietary fat reduction improves prognosis. They also did not consider other important lifestyle factors such as physical activity, body weight control, and diet quality. Thus, clinical trials should investigate multimodal lifestyle interventions including dietary changes and physical activity as well as body weight management. Such multimodal concepts are currently explored in several ongoing lifestyle intervention trials in breast cancer patients. In Germany, the SUCCESS C trial, a multicenter randomized phase III study with a 2 × 2 factorial design, currently investigates the effect of an individualized lifestyle intervention aiming at moderate weight loss on disease-free survival in women with Her2/neu-negative breast cancer [62] .
Despite the lack of convincing data for a significant effect of nutrition on breast cancer mortality and recurrence, adherence to a healthy diet is also recommended for other reasons. A prudent/ healthy dietary pattern is associated with prevention of and decreased mortality from cardiovascular disease [63, 64] , the most common comorbidity of breast cancer survivors [65] . Therefore, changing diet towards a healthy dietary pattern may offer multiple health benefits and improve life expectancy.
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